Abstract-Due to the diversity of fundamental situation among provinces in China, there are visibly regional differences in economic development level, resource endowments, and technological development level. For this reason, the energy diversification shows a big diversity on development model. This paper, based on 1991-2013 energy consumption structure data of 30 provinces and cities, applying cluster analysis method of panel data, classify the changing energy structure pattern among target provinces and cities, finally summarizes ten typical types of energy diversification patterns.
I. INTRODUCTION China is a country covering vast territory; districts with different geography features, social economic and cultural environment shall form their unique pattern of energy diversification. In order to make a deep understanding of energy diversification patterns in different regions, we divide the energy consumption structure acquired from targets into groups by the method of cluster analysis.
At present, most cluster analysis is based on twodimensional cross-section data, relatively analysis referring 3D panel has less applications. Therefore, some scholars have developed the method and application of cluster analysis for 3D panel data. Yinguo Li, Xiaoqun He(2010) [1] took the panel data feature of panel and time series into consideration, constructed the distance function and Ward clustering algorithm for measuring similarity. Finally, they achieved clustering analysis on panel data, and had a good test from the application. Lifeng Wu, Sifeng Liu (2013) [2] designed a panel data clustering analysis method to reflect the association degree of panel data by using the 3D grey convex relation degree, and found that this method was able to achieve a good clustering effect on the research objectives through actual test. Qunwei Wang, Shuangying Wang, Ze Cao (2014) [3] applied the selforganizing competitive network algorithm to the cluster analysis of panel data, and obtained a good application effect through the test of actual cases.
On the basis of three methods of of cluster analysis of panel data mentioned above, after considering the need of research content, we select the panel data clustering method designed by Sifeng Liu and Lifeng Wu. The breakthrough point is that this paper, which adopts clustering analysis for panel data, makes a deeper research on the basis of the clustering analysis of cross-sectional data. The results obtained from the information contained in the panel data of urban energy consumption structure gets closer to the actual situation and provides an accurate and effective method and technical support for a better analysis of typical models and characteristics of energy diversification.
II. METHOD OF PANEL DATA CLUSTERING FOR THREE-DIMENSIONAL GRAY CONVEXITY RELATION
The method of panel data clustering based on 3D gray convex relation is as follows:
The first step is to transform the panel data waiting for clustering into the behavior matrix of the object.
The second step is to average the original data so as to remove the dimension effect of different indexes, so
The behavior matrix of the object i is changed into
The third step is to calculate the convexity of each point in the panel data, and then calculate the degree of correlation between any two objects, and compute an upper triangular correlation degree from the calculated association data, as shown in the following matrix:
The fourth step is to set a reasonable threshold of correlation, according to the correlation matrix calculated in the third step, and get the cluster analysis results of panel data. In practical applications, we take the appropriate critical value of correlation is generally 0.5 to 1, that is  
When ij r   ,we think i and j are in the same cluster group, according to this method, traversing the correlation matrix, we get the final panel data clustering analysis results.
III. PANEL DATA CLUSTER ANALYSIS RESULTS
Because there isn't any cluster analysis application for panel data, we choose MATLAB and EXCEL to collate data and compute the data matrix, finally achieve empirical process and get results. According to the four steps mentioned above, we get the correlation matrix of clustering analysis for 30 provinces as shown in TABLE I. By setting different correlation critical value , we assign values to as:0.7,0.8,0.83,0.84,0.85,0.88, then get the result which is greater than the critical value, finally get the clustering results as shown in Table II.   TABLE I The first group of energy diversification patterns is clustered in the southwest and the north; the second group of energy diversification patterns is clustered in the central region; the third group of energy diversification patterns is clustered in one province in northeast China, three provinces in East China and one province in Northwest China. The fourth group of energy diversification patterns is located in two provinces in northeast, one in northwest and one in southeast. The fifth group of energy diversification patterns is distributed in South China and the sixth group of energy diversification patterns is clustered in the southwestern provinces. The seventh group of energy diversification patterns is only in Beijing. The eighth type of energy diversification patterns is Qinghai model. The ninth type of energy diversification patterns is Xinjiang model. The tenth energy diversification patterns are Hainan model. It can be seen from the spatial distribution that groups have a strong correlation in geographical locations, a phenomenon that should be related to that similar energy resources exist in the relevant area, so members of one group have a similar resource endowment and show a similar pattern of energy diversification. Of course, the factors that affect the diversification of energy resources are far more than resource endowment; other factors such as technology, environment, society, population also make significant impact.
IV. COMPARATIVE ANALYSIS OF TYPICAL ENERGY DIVERSIFICATION PATTERNS
According to the cluster analysis results of the above table, the thirty sample provinces and cities in this paper are divided into ten different groups. Based on the analysis of the characteristics and changes of each group data, ten typical energy diversification mode and characteristics are summarized.
Firstly, we make definition of six small concepts. Proportion between 80% to 100% is called a Absolutely Dominant(AD), between 65% and 80% called it Strong Dominant(SD), 50% to 65% called Weakly Dominated(WD), 30% to 50% is called Absolute Added(AA), 15% to 30% as Strong Complement(SC), added 0% to 15% as Weakly Complement(WC). In this paper, we cluster the energy diversification patterns of 30 provinces and cities by cluster analysis of time series data and panel data, and compare and analyze the characteristics of diversification patterns of different groups, and get some typical energy diversification models, which has a certain reference value for the development of various regions in our country and the energy diversification mode which adapts to its own conditions. ACKNOWLEDGMENT I would like to express my gratitude to all those who helped me during the writing of this paper. With the help of my supervisor Professor Li, I have overcome difficulties. I do appreciate her patience, encouragement, and professional instruction. What's more, I want to thank my thesis advisor, who kindly gives me a hand during my paper writing. At last, comments and suggestions are most welcome.
